After a critical summary of previous wavelength measurements and rotational line assignments of the Schumann-Runge absorption bands of O 2 , the results of the present study performed at high resolution with a 6.65 III vacuum spectrograph al~e given. These include (a) an a~las of the Schumann-Runge absorption bands of O 2 at 300 K showing detailed rotational line assignments in the wavelength region 175-205 nm containing the -bamis-(v# ,0) with---V==-();:.2Yatrd (v'~-llwith v'-=-2:::16;--(bttabies-ofwaye-numbers-measured for rotationally assigned principal branch lines belonging to the bands (v' ,O} with v' = 0-1'7 and (v',I) with v' = 2-17; (c) a table of measured wave numbers of lines in the region nea .. . the dissociation limit where many unassigned lines exist; (d) a table of wave numbers calculated for satellite and forbidden lines belonging to the bands (9,OH 17,0) together with the few values obtained from our measurements; and (el a table of term values for the upper state B 3.I u-vibration-rotation levels with v' = 9-17 calculated from measurements of . the principal branch lines of the (9,OH17,0) bands and the known ground state term values.
tions on spectroscopic aspects of the Schumann-Runge band system is large, and reviews have been given by Krupenie, I Creek and Nicholls,2 and Huber and Herzberg. 3 . In addition. the geophysical fact that solar radiation in the spectral range 175-205 nm of the Schumann-Runge absorption bands plays a crucial role in the photochemistry of the Earth's upper atmosphere is widely recognized, as is the need for accurate measurements of the absorption wavelengths and cross sections of these rotationally discrete bands.4-6 In this paper, after a brief descriptiop. of the Schumann-Runge bands of O 2 (Sec. 2) and a summary of previous measurements (Sec. 3 .1), we present in Sec. 3.2 (a) a short account of the experimental procedure (Sec. 3.2.1); (b) an atlas of the Schumann-Runge absorption bands of 02 at 300 K photographed at high resolution and showing detailed rotational line assignments in the wavelength region 175-205 nm contalningthe bands (V',O) with v' = 0-21 and (v',.I) wit~ v' = 2-16 (Sec. 3.2.2) ; (c) tables of wave numbers measured for rotationally assigned principal branch lines belonging to the bands (v',O) with v' = 0-17 and (v',I) with v' :::;: 2-17 (Sec. 3.2.3); (d) a table of measured wave numbers of lines in the region near the dissociation limit where many unassigned lines exist (Sec. 3.2.4) ; (e) a table of wave numbers calculated for satellite and forbidden lines belonging to the bands (9,0)-(17,0) together with the few values obtained from our measurements (Sec. 3.2.5); and (t) a table of term values for the upper state B 3.I ;; vibration-rotation levels with v' = 9-17 calculated from measuremep.ts of the principal branch lines of the (9,0)-(17,0) bands and the known ground state term values (Sec. 3.2.6 2 .,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,;,,,,,,, Gies et aI., 13 Lewis et aI., 14, 15 and Frederick and Hudson 16 predissociation linewidths (FWHM) ranging from 0.1 to 4 cm -1 have been found, with maxima occurring for v' = 4,7,11. Linewidths of greater accuracy will become available from an analysis, currently in progress,21 of the absolute cross section data of Yoshino et al. 12 Predissociation in the B state is so extensive for v' > 3 that emission or fluorescence from levels with v' > 3 is seldom observed, and then only feebly under the most energetic excitation conditions. 2,22
-a:-Pho1o-graphic-A1Ias-;-Rotationa1tin-e Positions, and Assignments of the Schumann~Runge Absorption Bands of O 2
Previous Measurements
Wavelength measurements and useful photographic reproductions of the Schumann-Rung~ absorption bands exist in publications by Curry and Herzber~3 (v' = 1-7, v" = 0), , v" = 0), Brix.and Herzberg 7 (v'> 12, v" = 0), Ogawa 25 (v' = 5-10, v" = 0-5), , v" = 0-3), Hudson a.nd Ca.rter1 7
(v' = 6-17, v" = 0-2), and Biaume 28 (v' = 0-13, v" = 0; v' = 4-13, v" = 1). Yoshino et al. 12 have presented graphically ihe absorption cross sections of the bands with v' ~ 1-12. v" = 0. and v' = 3-16. v" = 1 from high resolution data stored on magnetic tape; the same instrumentation has been used by Smith et al. 29 to measure the oscillator strengths of lines of astrophysical interest belonging to the (13,0)-(16,0) bands. The wavelengths used in those works 12 ,29 were obtained from the photographic measurements given in the present paper. A photographic atlas of the emission bands with Vi = 0-5 and v" = 6-21 at moderate resolution in the region 232-442 nm has been prepared by Hebert et al., 30 and Creek and Nicholls 2 have assigned 5400 of the 7700 measured emission lines in the region 211-566 nm to 87 bands of the system, though without consideration of the triplet fine structure.
The most recent wavelength measurements and rotational analyses of the (Vi ,0) absorption bands are those ofBrix and Herzberg 7 for v'> 12 anq of Ackerman and Biaume 31 for v' = 0-13. The measurements of Ackerman and Biaume 31
and of Biaume 28 are essentially identical. These absorption studies 28 ,31 were performed in the fourth order of a 1200 3, 1 lines/mm grating in the same 3 m vacuum spectrograph used by Brix and Herzberg. 7 Comparison of the (12,0) and (13,0) bands of these studies reveals several instances in which Brix and Herzberg 7 resolve P 2(N) from P 3(N) or R 2 (N) from R3(N) while Ackerman and Biaume 31 do not.
Present Measurements

Experimental Procedure
A 6.65 m scanning spectrometer/spectrograph, described previously,32 has been used with an entrance slit width of 10 pm to photograph the Schumann-Runge bands vf O 2 at a recIprocal dIspersIOn of 0-:-015 nm/mm m the firs1 order of a 2400 lines/mm grating. This is the same instrument that was used photoelectrically for our recent high resolution cross section measurements 12 and oscillator strength determinations 12,29 of the Schumann-Runge bands. The background continuum is obtained from a condensed discharge in xenon or from a dc discharge in hydrogen. Typical exposure times with Kodak SWR plates are 2-10 min. For wavelength calibration, the fourth positive emission bands of CO are used. Wavelength measurements, performed with a Grant oomparator, have a relative aoouraoy of 0.000 1 nm for the sharpest lines, and the absolute accuracy is 0.0003 nm.
The spectra in Figs! 1 and 2 for the (0,0) and (1,0) bands and the ulmer s~ectra in Figs. 3-5 for the (2, 0) , (3, 0) , and (4,0) bands are obtained from air at pressures up to 760 Torr (0.1 MPa), nominally at 300 K, in the interior of the 6.65 m spectrograph which provides an optical path length of 13.3 m. The lower spectra in Figs. 3-5 for the (2, 0) , (3, 0) , and (4,0) bands and all the spectra in Figs. 6-18 for the (5,0) bands through to the dissociation limit are obtained from O 2 at 300 K in a 20 cm cell in front of the. entrance slit of the spectrograph.
The wave numbers given in Tables 1-4 have been measured from the plates corresponding to Figs. 1 ~ 18 and from other plates of the spectra obtained from air (300 K, 50-760 Torr) or O 2 (300 K, 0.001-0.175 Torr)in the interior of the ·spectrograph, and from O 2 (300 K, 0.4-1000 Torr; 77 K, 0.1-40 Torr; 615 K, 4-7 Torr) in the external 20 cm long cell. In all cases, the CO lines of known vacuum wavelength used for calibration were photographed in the first order of the 2400 lines/mm grating after passage through the sample of air or O 2 under study. '2.9 111.Nl'13 (3)"'UtHx (7) ':1I190J. :.'161)150.:12 :.'I(I/scs0.'4 56941.76 56941.68 18,Pl(1) 56860.17B Table 3 . Wave numbers of observed lines near the dissociation limit 
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Photographic Atlas
In Figs. 1-18 , we present a photographic atlas of the For lines of the (14,0) band (Fig. 15 ), which are among the sharpest in the Schumann-Runge absorption system, our photographic measurements (Table 1.14) show that all the triplet components are resolved, whereas Brix and Herzberg 7 have resolved P 2(N} from P 3(N} and R2(N} from R3(N) VlllY fur N, 11. Thus, our photographic resolution is a little better than that of Brix and Herzberg. 7 We have also been able, for some bands, to follow the rotational lines to higher rotational quantum numbers.
. With sufficient spectroscopic resolution, the possibility of observing the individual triplet components depends on the extent of their mutual overlapping and that, in tum, depends on the magnitude of the triplet splittings and of the . linewidths arising from predissociation in the upper state.
For v'> 13, the triplet splittings, which increase with v', are large enough and the predissociation linewidths small enough for the triplet structure to be resolved well in our resolved triplet structures, each consisting of a peak and a less intense blended shoulder at slightly higher wave number, measured for the (1,0), (2, 0) , and (7,0) bands (Tables 1.1, 1.2, and 1.7) have not been reported previously.
Our rotational assignments of the (v' ,0) bands are generally in agreement with those of Ackerman and Biaume 31 and Brix. and Herzberg, 7 and we achieve better separation of the triplet structure except for v' = 0,3-6,8 when spectroscopic resolution is probably not the limiting factor. However, in the bands (9,0)-(13,0) the R3(1) lines, which are weak, have been misassigned by Ackerman and Biaume. 31
Region Near the Dissociation Umit
In Table 3 , we compare all the lines, most of which are sharp, that we have measured from the dissociation limit to the head of the (16,0) band with those of Brix. and Herzberg. 17 Our assignments, apart from identifying the {16,O) bandhead, are given only for the (17,0) band, and those of Brix and Herzberg 7 are collected from their Table Ia for all of their assigned or partially assigned lines, we have measured lines almost always within 0.1 cm -1 of their measured lines. In addition, they have measured many, and we more, unassigned lines in the region near the dissociation limit, where we find also essentially the same discrete lines at 77 and 615 K21; such lines must belong to (v',O) bands and have relatively low N values (N" :S 15), and the implication is thatthe upper state levels with N ' ~ 14 lie in the continuum. At high v' values approaching 19, the triplet splittings increase rapidly, and the coupling in the B state may approach
Hund~ulliken-case C~3 For v' >-19;-the-F}ieveis have nor been assigned, perhaps as a result of perturbative interaction with another state dissociating to 0 3p + OlD. It is unclear at present how the F l' F 2 , and F3 terms, which belong to Ou+ , l u ' and l u ' respectively, in case c are correlated with the dissociation limits 0 3P2,1,O + 0 10.
Satcllitc and Forbidden Branches
Satellite and forbiddeti lines, which are weak and become rapidly weaker with increasing rotational quantum number,33 are observed only in the crowded bandhead regions. In Table 4 , the wave numbers of satellite and forbidden lines with N = 1-9, calculated for the bands (9,OHI7,0) from B state term values (Sec. 3.2.6) , derived from the principal branch lines and the known X stat~.~e!ID values 9 are -gh;~~"-()~r·~easured values, when available, are given immediately beneath the appropriate calculated values. The term values for the B state given in Table 5 are calculated from the accurate known term values of the X 3 ~ g-(V'I = 0) ground state 9 and the measured wave numbers of the B(v'}-X(O) principal branch lines in Tables 1.9-1.17. The determination of the band origins, rotational constants, and spin splitting constants is in progress. 21
